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(57) ABSTRACT

A load balancing method for a wireless communication
device includes checking a total loading of the wireless
communication device, wherein the total loading comprises
a first loading of an omni antenna and a second loading of
a directional antenna; and adjusting transmission power of
the wireless communication device according to the total
loading of the wireless communication device and informa-
tion sent by at least one neighbor wireless communication
device, in order to perform load balancing.
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1
LOAD BALANCING METHOD AND
RELATED WIRELESS COMMUNICATION
DEVICE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a load balancing method
and a related wireless communication device, and more
particularly, to a load balancing method for a wireless
communication device and the related wireless communi-
cation device.

2. Description of the Prior Art

A wireless network system usually includes a plurality of
access points (AP). A device at each access point performs
communication with one or several personal communication
devices (such as mobile phones, laptops or other portable
communication devices) in a wireless manner. These per-
sonal communication devices include a wireless network
interface card (WNIC) for dealing wireless signals to con-
nect with the device at the access point, e.g. frequency
scanning, wireless packet detection and transmission, etc.

Since wireless communication technology has been rap-
idly developed, utilization rate of the wireless network has
been rising. Common standards for the wireless network
include IEEE802.11a, IEEE802.11b, IEEE802.11g and
IEEE802.11n, and almost all new wireless network cards
provided by the vendors is capable of supporting these four
standards. When a laptop is connecting the wireless net-
work, the wireless network card of the laptop has to firstly
scan whether there are any available access points existing
in the area where the laptop is located, and then makes a
request to establish the connection with the access point.
Since the setting fee of the wireless network becomes lower,
there maybe several access points distributed in the same
public place. For example, there may be five access points
set in the building, wherein two comply with the standard of
IEEE802.11a, two comply with the standard of
IEEE802.11b/g/n, and one complies with the standard of
IEEE802.11b. Therefore, when the wireless network card
can support all of the above four standards, the user can
connect any one of these access points arbitrarily according
to his/her preference, or the operating system selects a
desired access point automatically according to power mag-
nitudes of the above five access points. However, the above
access point selecting method may cause that all users are
congested in some specific access points, since the users
may not be distributed uniformly in the same building and
these access points may have different power magnitudes,
such that networks of the specific access points may be
congested, but other access points may be idle.

SUMMARY OF THE INVENTION

It is therefore an objective of the present invention to
provide a load balancing method for a wireless communi-
cation device, in order to solve the network congestion
problem of the wireless communication device.

The present invention discloses a load balancing method
for a wireless communication device. The load balancing
method comprises checking a total loading of the wireless
communication device, wherein the total loading comprises
a first loading of an omni antenna and a second loading of
a directional antenna; and adjusting transmission power of
the wireless communication device according to the total
loading of the wireless communication device and informa-
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tion sent by at least one neighbor wireless communication
device, in order to perform load balancing.

The present invention further discloses a wireless com-
munication device. The wireless communication device
comprises a wireless module, for receiving information sent
by at least one neighbor wireless communication device, the
wireless module comprising an omni antenna and a direc-
tional antenna; a positioning unit, for confirming a location
of the wireless communication device; and a processing
unit, for checking a total loading of the wireless communi-
cation device and adjusting transmission power of the wire-
less communication device according to the total loading of
the wireless communication device and information sent by
the at least one neighbor wireless communication device in
order to perform load balancing, wherein the total loading
comprises a first loading of the omni antenna and a second
loading of the directional antenna.

The present invention further discloses a wireless com-
munication system comprising a first wireless communica-
tion device for performing load balancing and at least one
second wireless communication device for performing load
balancing. The first wireless communication device com-
prises a first wireless module, for transmitting or receiving
location information and an assistance request, the first
wireless module comprising a first omni antenna and a first
directional antenna; a first positioning unit, for generating
the location information; and a first processing unit, for
checking a first total loading of the first wireless commu-
nication device and adjusting transmission power of the first
wireless communication device according to the first total
loading of the first wireless communication device in order
to perform load balancing, wherein the first total loading
comprises a first loading of the omni antenna and a second
loading of the directional antenna. Each of the at least one
second wireless communication device comprises a second
wireless module, for receiving the location information and
the assistance request, the second wireless module compris-
ing a second omni antenna and a second directional antenna;
a second positioning unit, for obtaining a location of the first
wireless communication device according to the location
information; and a second processing unit, for adjusting
transmission power of the at least one second wireless
communication device according to the assistance request,
in order to perform load balancing.

These and other objectives of the present invention will
no doubt become obvious to those of ordinary skill in the art
after reading the following detailed description of the pre-
ferred embodiment that is illustrated in the various figures
and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic diagram of a wireless communica-
tion system according to an embodiment of the present
invention.

FIG. 2A and FIG. 2B are schematic diagrams of a process
according to an embodiment of the present invention.

FIG. 3 is a schematic diagram of a process according to
an embodiment of the present invention.

FIG. 4 is a schematic diagram of a wireless communica-
tion device according to an embodiment of the present
invention.

DETAILED DESCRIPTION

Please refer to FIG. 1, which is a schematic diagram of a
wireless communication system 10 according to an embodi-
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ment of the present invention. The wireless communication
system 10 includes wireless communication devices AP1,
AP2 and AP3 (for simplicity, only three wireless commu-
nication devices are illustrated in this embodiment, which is
not limited herein) and a plurality of users (denoted by
points in FIG. 1). The wireless communication devices AP1,
AP2 and AP3 can be access points, which perform commu-
nication with one or several users (e.g. mobile phones,
laptops or other portable communication devices) in a
wireless manner. The coverage of the wireless communica-
tion device AP1 is Z1, the coverage of the wireless com-
munication device AP2 is 72, and the coverage of the
wireless communication device AP3 is Z3. The users are not
distributed uniformly in the coverage Z1, 72 and Z3, such
that the network congestion occurs in the wireless commu-
nication device AP1.

Please refer to FIG. 1, FIG. 2A and FIG. 2B simultane-
ously. FIG. 2A and FIG. 2B are schematic diagrams of a
process 20 according to an embodiment of the present
invention. The process 20 is utilized in the wireless com-
munication device AP1 shown in FIG. 1 for performing load
balancing. The process 20 includes the following steps:

Step 200: Start.

Step 202: Check a total loading NL1 of the wireless
communication device AP1, wherein the total loading NL.1
includes a loading OL of an omni antenna and a loading DL
of a directional antenna.

Step 204: Determine whether the total loading NL1 is
greater than a value X1? If yes, go to Step 210; otherwise,
go to Step 206.

Step 206: Determine whether the total loading NL1 is less
than a value X2? If yes, go to Step 208; otherwise, go to Step
220.

Step 208: Determine whether power of the omni antenna
is equal to a maximum value? If not, increase the power of
the omni antenna.

Step 210: Determine whether power of the directional
antenna is equal to a minimum value? If not, reduce the
power of the directional antenna.

Step 212: Determine whether the loading OL of the omni
antenna is greater than a value X3? If yes, go to Step 214;
otherwise, go to Step 220.

Step 214: Send location information and an assistance
request to the wireless communication device AP2/the wire-
less communication device AP3.

Step 216: Determine whether the loading OL of the omni
antenna is greater than a value X4? If yes, go to Step 218;
otherwise, go to Step 220.

Step 218: Determine whether the power of the omni
antenna is equal to a minimum value? If not, reduce the
power of the omni antenna.

Step 220: End.

According to the process 20, when there are too many
users existing in the coverage 71 of the wireless communi-
cation device AP1 causing the network congestion, the
wireless communication device AP1 can adjust transmission
power of the wireless communication device AP1, in order
to perform load balancing. First of all, the wireless commu-
nication device AP1 checks whether the total loading NLL1
itself is greater than the value X1. If the total loading NL.1
is not greater than the value X1, the wireless communication
device AP1 then determines whether the total loading NL.1
is less than the value X2. If the total loading NL1 is less than
the value X2, the wireless communication device AP1 may
determine first whether the power of the omni antenna is
equal to the maximum value. If not, the wireless commu-
nication device AP1 may increase the power of the omni
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antenna. If the total loading NL1 is greater than the value
X1, the wireless communication device AP1 may determine
whether the power of the directional antenna is equal to the
minimum value. If not, the wireless communication device
AP1 may reduce the power of the directional antenna. The
wireless communication device AP1 then determines
whether the loading OL of the omni antenna is greater than
the value X3. If the loading OL. is greater than the value X3,
the wireless communication device AP1 sends the location
information and the assistance request to the wireless com-
munication device AP2/the wireless communication device
AP3, in order to ask for help from the wireless communi-
cation device AP2/the wireless communication device AP3
to share the loading of the wireless communication device
AP1. When the loading OL is greater than the value X4, the
wireless communication device AP1 may determine whether
the power of the omni antenna is equal to the minimum
value. If not, the wireless communication device AP1 may
reduce the power of the omni antenna. Preferably, the value
X1 is greater than the value X3 and the value X4 is greater
than the value X3. For example, X1 may be 90%, X2 may
be 50%, X3 may be 80%, and X4 may be 95%. That is, when
the wireless communication device AP1 determines the total
loading NL1 is greater than 90%, the wireless communica-
tion device AP1 may determine whether the power of the
directional antenna is equal to the minimum value. If not, the
wireless communication device AP1 may reduce the power
of the directional antenna. When the wireless communica-
tion device AP1 determines the total loading NL1 is less than
50%, the wireless communication device AP1 increases the
power of the omni antenna. When the wireless communi-
cation device AP1 determines the loading OL is greater than
80%, the wireless communication device AP1 sends the
location information and the assistance request to the wire-
less communication device AP2/the wireless communica-
tion device AP3. When the wireless communication device
AP1 determines the loading OL is greater than 95%, the
wireless communication device AP1 may determine whether
the power of the omni antenna is equal to the minimum
value. If not, the wireless communication device AP1 may
reduce the power of the omni antenna. Please note that, those
skilled in the art can determine the values X1, X2, X3 and
X4 according to congestion status of the network, which is
not limited herein.

Furthermore, the wireless communication device AP1 can
reduce the power of the omni antenna or the directional
antenna progressively. The wireless communication device
AP1 first checks the power of the wireless communication
device AP1. If the output power of the wireless communi-
cation device AP1 has not reached down to the minimum
value, the wireless communication device AP1 reduces the
output power by 0.5 dBm. The wireless communication
device AP1 can increase the power of the omni antenna or
the directional antenna progressively. The wireless commu-
nication device AP1 first checks the power of the wireless
communication device AP1. If the output power of the
wireless communication device AP1 has not reached the
maximum value, the wireless communication device AP1
increases the output power by 0.5 dBm.

On the other hand, when the wireless communication
device AP2/the wireless communication device AP3
receives the location information and the assistance request,
the wireless communication device AP2/the wireless com-
munication device AP3 performs a process 30, in order to
perform load balancing. The process 30 includes the fol-
lowing steps:
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Step 300: Start.

Step 302: When receiving the location information and
the assistance request, check a total loading NL.2 of the
wireless communication device AP2/the wireless commu-
nication device AP3.

Step 304: Determine whether the total loading NL2 is
greater than a value X5? If yes, go to Step 310; otherwise,
go to Step 306.

Step 306: Obtain a location of the wireless communica-
tion device AP1 according to the location information.

Step 308: Set the power of a directional antenna of the
wireless communication device AP2/the wireless commu-
nication device AP3 to a maximum value, and adjust a
direction of the directional antenna of the wireless commu-
nication device AP2/the wireless communication device
AP3 toward the wireless communication device AP1.

Step 310: End.

According to the process 30, when the wireless commu-
nication device AP2/the wireless communication device
AP3 receives the location information and the assistance
request, the total loading NL2 of the wireless communica-
tion device AP2/the wireless communication device AP3 is
checked. If the total loading NIL.2 is less than the value X5,
the wireless communication device AP2/the wireless com-
munication device AP3 is able to share the loading of the
wireless communication device AP1. Therefore, the wireless
communication device AP2/the wireless communication
device AP3 may obtain the location of the wireless com-
munication device AP1 according to the location informa-
tion, and set the power of the directional antenna of the
wireless communication device AP2/the wireless commu-
nication device AP3 to the maximum value. The wireless
communication device AP2/the wireless communication
device AP3 further adjusts the direction of the directional
antenna of the wireless communication device AP2/the
wireless communication device AP3 toward the wireless
communication device AP1. Therefore, based on the above
processes 20 and 30, if the network congestion occurs in the
wireless communication system 10 (e.g. too many users
congested in specific wireless communication devices), the
wireless communication devices AP1, AP2 and AP3 can
coordinate themselves to perform load balancing, in order to
solve the network congestion problem.

Please note that, the processes 20 and 30 can be per-
formed on the same wireless communication device, and is
not limited to be performed on two different wireless com-
munication devices. That is, when total loading of a wireless
communication device is too large, the wireless communi-
cation device can request a neighbor wireless communica-
tion device to share the loading. When total loading of the
neighbor wireless communication device is too large, the
wireless communication device can also perform load bal-
ancing to share this loading. As a result, load balancing can
be achieved in the wireless communication system through
the negotiation between a plurality of wireless communica-
tion devices.

Please refer to FIG. 4, which is a schematic diagram of a
wireless communication device 40 according to an embodi-
ment of the present invention. The wireless communication
device 40 can implement the above wireless communication
devices AP1, AP2 and AP3. The wireless communication
device 40 includes a wireless module 400, a positioning unit
402 and a processor 404. The wireless module 400 is utilized
for transmitting/receiving wireless data (e.g. location infor-
mation and assistance request). The wireless module 400
includes an omni antenna 406 and a directional antenna 408.
Direction of the directional antenna can be adjusted arbi-
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trarily, in order to facilitate receiving/transmitting the wire-
less data. The positioning unit 402 is utilized for performing
positioning to obtain the location of the neighbor wireless
communication device according to the received wireless
data. The processor 404 is utilized for checking a total
loading of the wireless communication device 40 and adjust-
ing (increasing or reducing) transmission power of the omni
antenna 406 and the directional antenna 408 according to the
total loading of the wireless communication device 40 and
the received wireless information, in order to perform load
balancing. Detailed operations of the wireless communica-
tion device 40 are illustrated in the above processes 20 and
30, and will not be narrated herein.

To sum up, when there are too many users existing in the
coverage of a wireless communication device causing the
network congestion, the wireless communication device
checks whether the total loading itself is greater than a first
value. If the total loading is greater than the first value, the
wireless communication device reduces the power of the
directional antenna. The wireless communication device
then determines whether the loading of the omni antenna is
greater than a second value. If the loading of the omni
antenna is greater than the second value, the wireless com-
munication device sends location information and assistance
request to the neighbor wireless communication device, in
order to ask for help from the neighbor wireless communi-
cation device to share the loading of the wireless commu-
nication device. When the loading of the omni antenna is
greater than a third value, the wireless communication
device reduces power of the omni antenna. On the other
hand, when the neighbor wireless communication device
receives the location information and the assistance request,
the neighbor wireless communication device checks its total
loading. If the neighbor wireless communication device
determines its total loading is less than a fourth value, the
neighbor wireless communication device may obtain the
location of the wireless communication device according to
the location information, and set the power of the directional
antenna to a maximum value. The neighbor wireless com-
munication device further adjusts the direction of the direc-
tional antenna toward the wireless communication device. In
short, the wireless communication device with a huge load-
ing can send the location information and the assistance
request to the neighbor wireless communication device, in
order to perform load balancing. After receiving the assis-
tance request, the neighbor wireless communication device
can share the excess loading. Therefore, the wireless com-
munication devices can coordinate themselves to perform
load balancing, in order to solve the network congestion
problem.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended
claims.

What is claimed is:
1. A load balancing method for a wireless communication
device, the load balancing method comprising:

checking a total loading of the wireless communication
device, wherein the total loading comprises a first
loading of an omni antenna and a second loading of a
directorial antenna; and

adjusting transmission power of the omni antenna and the
directional antenna according to the total loading of the
wireless communication device and information sent
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by at least one neighbor wireless communication
device, in order to perform load balancing;
wherein the step of adjusting the transmission power of
the omni antenna and the directional antenna according
to the total loading of the wireless communication
device in order to perform load balancing comprises:

reducing power of the directional antenna when deter-
mining the total loading is greater than a first value;

sending location information of the wireless communica-
tion device and an assistance request to the at least one
neighbor wireless communication device when deter-
mining the first loading is greater than a second value;
and

reducing power of the omni antenna when determining

the first loading is greater than a third value.

2. The load balancing method of claim 1, wherein the step
of adjusting the transmission power of the omni antenna and
the directional antenna according to the total loading of the
wireless communication device in order to perform load
balancing further comprises:

increasing power of the omni antenna when determining

the total loading is less than a value.
3. The load balancing method of claim 1, wherein the first
value is greater than the second value and the third value is
greater than the second value.
4. The load balancing method of claim 1, wherein the step
of adjusting the transmission power of the omni antenna and
the directional antenna according to the information sent by
the at least one neighbor wireless communication device in
order to perform load balancing comprises:
checking the total loading of the wireless communication
device when receiving the information sent by the at
least one neighbor wireless communication device,
wherein the information sent by the at least one neigh-
bor wireless communication device comprises location
information of the at least one neighbor wireless com-
munication device and an assistance request from the at
least one neighbor wireless communication device;

obtaining a location of the at least one neighbor wireless
communication device according to the location infor-
mation of the at least one neighbor wireless commu-
nication device when determining the total loading is
less than a value; and

setting power of the directional antenna to a maximum

value, and adjusting a direction of the directional
antenna toward the at least one neighbor wireless
communication device.

5. A wireless communication device, comprising:

a wireless module, for receiving information sent by at

least one neighbor wireless

communication device, the wireless module compris-
ing:

an omni antenna; and

a directional antenna;

a positioning unit, for confirming a location of the wire-

less communication device; and

a processing unit, for checking a total loading of the

wireless communication device and adjusting transmis-
sion power of the omni antenna and the directional
antenna according to the total loading of the wireless
communication device and information sent by the at
least one neighbor wireless communication device in
order to perform load balancing, wherein the total
loading comprises a first loading of the omni antenna
and a second loading of the directional antenna;
wherein the processing unit adjusting the transmission
power of the omni antenna and the directional antenna
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according to the total loading of the wireless commu-

nication device in order to perform load balancing

comprises:

the directional antenna reducing power of the direc-
tional antenna when the processing unit determining
the total loading is greater than a first value;

the directional antenna sending location information of
the wireless communication device and an assistance
request to the at least one neighbor wireless com-
munication device when the processing unit deter-
mining the first loading is greater than a second
value; and

the omni antenna reducing power of the omni antenna
when the processing unit determining the first load-
ing is greater than a third value.

6. The wireless communication device of claim 5,
wherein the processing unit adjusting the transmission
power of the omni antenna and the directional antenna
according to the total loading of the wireless communication
device in order to perform load balancing further comprises:

the omni antenna increasing power of the omni antenna
when the processing unit determining the total loading
is less than a value.

7. The wireless communication device of claim 5,
wherein the first value is greater than the second value and
the third value is greater than the second value.

8. The wireless communication device of claim 5,
wherein the processing unit adjusting the transmission
power of the omni antenna and the directional antenna
according to the information sent by the at least one neigh-
bor wireless communication device in order to perform load
balancing comprises:

the processing unit checking the total loading when the
omni antenna and the directional antenna receiving the
information sent by the at least one neighbor wireless
communication device, wherein the information sent
by the at least one neighbor wireless communication
device comprises location information of the at least
one neighbor wireless communication device and an
assistance request from the at least one neighbor wire-
less communication device;

the positioning unit obtaining a location of the at least one
neighbor wireless communication device according to
the location information of the at least one neighbor
wireless communication device when the processing
unit determining the total loading is less than a value;
and

the processing unit setting power of the directional
antenna to a maximum value, and adjusting a direction
of the directional antenna toward the at least one
neighbor wireless communication device.

9. A wireless communication system, comprising:

a first wireless communication device, for performing
load balancing, the first wireless communication device
comprising:

a first wireless module, for transmitting or receiving
location information and an assistance request, the
first wireless module comprising:

a first omni antenna; and
a first directional antenna;

a first positioning unit, for generating the location
information; and

a first processing unit, for checking a first total loading
of the first wireless communication device and
adjusting transmission power of the first omni
antenna and the first directional antenna according to
the first total loading of the first wireless communi-
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cation device in order to perform load balancing,
wherein the first total loading comprises a first
loading of the first omni antenna and a second
loading of the first directional antenna; and
at least one second wireless communication device, for
performing load balancing, each of the at least one
second wireless communication device comprising:

a second wireless module, for receiving the location
information and the assistance request, the second
wireless module comprising:

a second omni antenna; and
a second directional antenna;

a second positioning unit, for obtaining a location of the
first wireless communication device according to the
location information; and

a second processing unit, for adjusting transmission
power of the at least one second wireless communi-
cation device according to the assistance request, in
order to perform load balancing;

wherein the first processing unit adjusting the transmis-
sion power of the first omni antenna and the first
directional antenna according to the first total loading
of the first wireless communication device in order to
perform load balancing comprises:

the first directional antenna reducing power of the first
directional antenna when the first processing unit
determining the first total loading is greater than a
first value;

the first directional antenna sending the location infor-
mation of the wireless communication device and the
assistance request to the at least one second neighbor
wireless communication device when the first pro-
cessing unit determining the first loading is greater
than a second value; and
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the first omni antenna reducing power of the first omni
antenna when the first processing unit determining
the first loading is greater than a third value.

10. The wireless communication system of claim 9,
wherein the first processing unit adjusting the transmission
power of the first omni antenna and the first directional
antenna according to the first total loading of the first
wireless communication device in order to perform load
balancing further comprises:

the first omni antenna increasing power of the first omni

antenna when the first processing unit determining the
first total loading is less than a value.

11. The wireless communication system of claim 9,
wherein the first value is greater than the second value and
the third value is greater than the second value.

12. The wireless communication system of claim 9,
wherein the second processing unit adjusting the transmis-
sion power of each of the at least one second wireless
communication device according to the assistance request in
order to perform load balancing comprises:

the second processing unit checking a second total load-

ing of each of the at least one second wireless com-
munication device when the second wireless module
receiving the assistance request;

the second positioning unit obtaining the location of the

first wireless communication device according to the
location information when the second processing unit
determining the second total loading is less than a
value; and

the second processing unit setting power of the second

directional antenna to a maximum value, and adjusting
a direction of the second directional antenna toward the
first wireless communication device.
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